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EN PERCENT TO I5Olo OF NEw-
borns require hospitalization
after delivery for medical rea-
sons including prematurity,
congenital anomalies, sepsis, jaun-
dice, and feeding difficulties.r Hospi
ulized newborns are subjected to many
invasive procedures as part of their
medical care. There are anecdotal re-
ports of infants learning to anticipate
pain and exhibiting altered pain re-
sponses as a consequence of their cu-
mulative exposures to pain.2
The objective of this study was to
prospectively examine the hypothesis
that infans who undergo repeated pain-
ful procedures as part of their medical
care learn to anticipate pain and ex-
hibit more intense pain during a sub-
sequent painful procedure compared
with control infants.
METHODS
This was a prospective cohort study con
ducted in the postnatal ward of a uni-
versity-affiliated hospital. The study was
approved by the local ethics board, and
written consent was obtained from par-
ens of all participating infants. There
were 2 groups of full-term neonates:
those born to mothers with diabetes (type
l,type2, or gestational) and those born
to mothers with uneventful pregnan-
cies. We excluded infans who were ad-
mitted to the neonatal intensive care unit,
[hose receiving intravenous or intramus-
cular antibiotics. or those who were
scheduled for circumcision during the
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Context Hospitalized infants undergo repeated invasive procedures. ltis unknown whether
cumulative experiences with pain lead to anticipatory pain behaviors and hyperalgesia.
Objectives To determine whether newborns who are born to mothers with diabe-
tes and undergo repeated pain learn to anticipate pain and exhibit more pain during a
painful procedure than normal infants.
Design, Setting, and Participants Prospective cohort study of 21 full-term new-
borns born to mothers with diabetes and 21 born to mothers with uneventful preg-
nancies, at a university teaching hospital between August 1999 and October 2000.
Infants of diabetic mothers underuvent repeated heel lances in the first 24 to 35 hours
of life for monitoring of blood glucose concentrations. Pain responses of all infants
undergoing a venipuncture on the dorsum of the hand to obtain blood for the new-
born screening test after the first day of life were compared. In addition, from Sep-
tember through November 2OO1 , 12 infants of diabetic mothers and 12 normal in-
fants were compared for pain reactions to intramuscular vitamin K injection after birth.
Main Outcome Measures Percentages of time observed grimacing and crying and
visual analog scale (VAS) scores.
Results Raters were blinded to exposure group. Median baseline scores for grimac-
ing, cryingtime, and VAS did notdiffersignificantly between groups (P=.27, P=.32,
and P=.32, respectively). Median scores (interquartile range) for grimacing during skin
cleansing were higher in infants of diabetic mothers (22.2% 177.5%l vs O% 115%1;
P=.03). The VAS scores for both groups were zero, but the distribution of the scores
was significantly different (867" of normal infants vs 527" of infants of diabetic moth-
ers had scores of zero) (P=.0a). During venipuncture, infants of diabetic mothers had
higher median scores for grimacing (81 .7% 1325%l vs 4OY" 173.4%J; P= .01), VAS(69% 1275%l vs 5% 160.5%l; P=.OO2), and crying (4o.2% 177%l vsO% t54.8%J;
P=.03) compared with normal infants. There were no differences between groups on
any pain measure in response to intramuscular injection.
Conclusions Newborns who had diabetic mothers and were exposed to repeated
heel lances in the first 24to36 hours of life learned to anticipate pain and exhibited
more intense pain responses during venipuncture than normal infants.
study. Posters were placed in the deliv-
ery suite, and nurses and ward clerks
were asked to contact the investigator on
call when a potential study participant
was admitted in labor.
Infans of diabetic mothers under-
went repeated heel lances in the first 24
to 36 hours of life for monitoring of blood
glucose concentrations. When the study
was conducted, the clinicalguidelines for
glucose concentration monitoring in-
volved obtaining a blood sample within
the first hour after delivery and then ev-
ery 2 to 4 hours during the first 24 hours
of life. The frequency of blood sam-
pling was conditional on prior glucose
concentration readings and infant ry-rnp-
toms of hypoglycemia. Blood was col-
lected for glucose monitoring by heel
lance with automated Microuiner Safety
Flow lances (Becton, Dickinson and Co,
Franklin I-akes, NJ). Normal infants were
matched to those of diabetic mothers on
birth weight (t500 g), sex, vaginal or ce-
sarian delivery, and anesthesia (yes or no)
during labor and delivery.
After the first}4 hours of life, all in-
fants underwent a venipuncture to ob-
tain blood for the newborn screening test.
Venipunctures were performed in the
treatment room on the oostnatal floor.
The infans were optimally positioned for
the procedure (ie, swaddled and Iying su-
pine on the examination table). The site
chosen forallvenipunctures was the dor-
sum ofthe hand. A23-gauge butterfly
needle was used. Venipunctures were
performed by a variety of nurses who
were unaware of the study hypothesis.
To standardize observations, the proce-
dure was divided into 3 phases: base-
line, skin cleansing and preparation, and
needle puncture and collection of the
blood sample. Infans' faces were video-
uped for the entire procedure.
Pain was rated later from videotapes
by using 3 validated behavioral mea-
sures: grimacing (based on the Neona-
ul Facial Coding System),r visual ana-
log scale (VAS), and crying time
percentage. Three trained research as-
sistants who were unaware of infant ex-
posure group viewed the videotape and
ratedinfantpainbyusing I of the 3 pain
measures. The orderinwhich infants ap-
peared on the videotape was random.
The videotape contained no informa-
tion or features that could identify an in-
fant as belonging to either group.
Grimacing has undergone extensive
validity testingand is considered the gold
standard for assessment of pain in in-
fants.a'5 For the grimacingscores, we used
3 facial actions that are particularly sen-
sitive for indicating pain: bulging the
brow, squeezing the eyes closed, and fur-
rowing the nasolabial area.6 Each facial
action was scored as present or absent
in 2-second intervals for the first 20 sec-
onds of each phase of the procedure (or
less if the phase lasted fewer than 20
seconds). Thepercentage of the total time
that each facial action was observed dur-
ing each of the 3 phases was calculated.
An overall grimacing pain score was
computed for each phase by summing
the individual facial actionscores and di-
viding by 3. Interrater reliabilitywas as-
sessed for each facial action in l9o/o of.
participating infants; the rc values ranged
from 0.86 to 0.91.
Pain ratings using the VASwere based
on global facial actions as well as other
observable signs of pain, such as body
movements and crying. Visual analog
scale pain scores were rated on an un-
marked l00-mm pain ruler, where 0 was
no pain and 100 was the worst possible
pain, expressed as a percentage. The VAS
was scored across the same period as the
grimacing scores. CImg time percent-
age was calculated across the entire pe-
riod for the baseline and cleansingphases
and across the first 2 minutes after ve-
nipuncture.T Cqrirg and VAS pain rat-
ings correlate with grimacing ratings and
provide social validation of the pain
scores obtained lrom the grimacing scor-
ing system for infant caregivers,s'e allow-
ing the pain scores to be understood in
common terrns.
To rule out the possibility that the in-
fants exposed to multiple heel lances may
react dilferendy to venipuncture as a con-
sequence of their medical condition and
not repeated experience with pain, we
compared the responses of a separate co-
hort of infans of diabetic mothers with
those of a group of normal infanrs dur-
ing intramuscular vitamin K injection,
which is the first painful procedure per-
formed on all newborns. This protocol
was carried out in the same institution,
with ethical approval and informed pa-
rental consent. Infants were matched on
type of delivery.
Rating of pain in response to the in-
tramuscular vitamin K injection was
done from videotaped records and was
divided into 3 phases: baseline, skin
cleansing and preparation, and needle
puncture and injection. Grimacing, VAS
scores, and cryingwere calculated as de-
scribed for venipuncture: during base-
line, skin cleansing, and the first 20 sec-
onds after vitamin K injection.
Statistical Analyses
There were no studies on which to base
a sample-size calculation. In a study of
venipuncture pain in neonates, we ob-
served a mean pain score of 3 (SD, f )
on a behavioral scale that ranges from
0 to 7.10 A sample size of 20 infans per
group was chosen because it was fea-
sible and large enough to achieve a dif-
ference of 0.8 in the pain score, assum-
ing an SD of I (ie, moderately large
effect size), with 70olo power and cr = .05.
Demographic data were compared
between groups with the Fisher exact
test (categorical data) or t test (con-
tinuous data). Pain scores were com-
pared between groups by using the non-
parametric Mann-Whitney test because
of the distribution characteristics of the
data. Linear regression analysis was
used to determine the difference in ve-
nipuncture scores between groups af-
ter adjustment for the cleansing phase.
P<.05 was considered significant, and
there was no adjustment for multiple
comparisons. All analyses were per-
formed with Statistical Package for the
Social Sciences version l0 (Chicago, Ill).
RESULTS
The study was carried out in 2 phases.
The first phase was conducted be-
tween August 1999 and October 2000.
The investigator approached the par-
ents of 66 infants eligible to partici-
pate: parents declined participation for
ll infants (6 infants of diabetic moth-
ers and 5 normal infants). Thus, 55 in-
fants were recruited into the study.
Seven infants of diabetic mothers were
excluded from the analysis because con-
sent was later withdrawn by parents
(n 
= 2), the infant was admitted to a neo-
natal intensive care unit (n = 2), the ve-
nipuncture was unsuccessful (n= 2), or
the infant was crying inconsolably be-
fore the procedure (n= f). In the nor-
mal infant group, 6 infants were ex-
cluded because of videotaping errors
that prevented identification of in-
fants or the procedure phases (n=3),
the venipuncture was unsuccessful
(n= I), or the infant was crying before
the procedure (n=2).
Data from the remaining 42 infants
(n= 2llgroup) who completed the study
were included in the analysis (Teurn l).
In I infant of a diabetic mother-
normal infant pair, there was a mis-
match on infant sex and delivery; how-
ever, data from these infants were
retained for analysis. Gestational age
was statistically significantly higher in
normal infants (P=.006). Ninety per-
cent of mothers in both groups re-
ceived epidural or spinal local anesthe-
sia during delivery. The mean number
of heel lances was 9.8 (SD, 2.1) for in-
fants of diabetic mothers, and the last
monitored mean blood glucose con-
centration before venipuncture was 65
(SD,9) m{dL(3.6 [SD,0.5] mmoVl).
Videotaping errors precluded analy-
ses ofinfant responses during the cleans-
ing phase in one infant and during ve-
nipuncture in another infant in the
infans of diabetic mothers. Median base-
line scores for grimacing, VAS pain
scores, and crying times did not differ sig-
nificandy bet'ween groups (P = .27, P = .32,
and P = .32, respectively) (Tenm 2). Dur-
ing the skin-cleansing phase, grimacing
scores were significantly higher in the in-
fans of diabetic mothers than in nor-
mal infants (22o/o vs 0olo; P=.03). Al-
though thebaseline median scores for the
VAS and crying time were 0olo in both
groups, the distribution of scores dif-
fered statistically for the VAS (P=.02).
Eighty-six percent of normal infants had
VAS scores of 0olo compared with 52olo
of infans of diabetic mothers (P=.04).
During venipuncture, the infants of dia-
betic mothers had significantly higher
pain scores than the normal infants for
grimacing (8l7o/o vs 4}o/oiP =.0f ), VAS
(69o/o v s 5o/o ; P = . 002), and c r1,tng (40.2o/o
vs 0olo; P=.03). Diflerences in venipunc-
ture pain between groups remained sig-
nificant for grimacing (P=.05) and VAS
scores (P=.007) but not for crying
(P 
= .23) after adjustment for pain scores
during skin cleansing.
The second phase of the study was
conducted throughout a 3-month pe-
riod, September through November
2001. Thirty-one infants were eligible
to participate: 15 infants of diabetic
mothers and 16 normal infants. Two in-
fants of diabetic morhers and 3 nor-
mal infants were excluded because their
parents declined to participate. Dara
from 2 of the 26 infants who partici-
pated in the study were excluded from
the analysis, leaving 12 infants in each
group (Tnnln 3). Reasons for exclu-
sion included inconsolable crying
(n= I) and venipuncture (n= l) before
vitamin K injection. Infant character-
istics and pain responses during vita-
min K injection were not significantly
different between infants of diabetic
mothers and normal infans (Tnnm 4).
COMA'IENT
In this study, newborns exposed to re-
peated heel lances in the first 24 to 36
hours of life leamed to anticipate the pain
of an impending venipuncture com-
pared with normal infants who had not
undergone repeated painful proce-
dures. This finding was demonstrated by
the significantly greater VAS and gri-
macing pain scores they exhibited com-
paredwith thenormal infans during the
skin-cleansing phase that immediately
preceded the venipuncture. Without re-
peated exposure to painful procedures,
skin cleansing in neonates is a nonpain-
ful event and induces little response.
However, after an average of about 10
heel lances (preceded by skin cleans-
ing), infants responded to cleansing of
the skin with behaviors indicative of pain.
We suggest that throughour rhe course
of repeated exposure to skin cleansing
followed by heel lancing, skin cleans-
ing became a conditioned stimulus, re-
liably signaling the impending painful
event and inducing anticipatory pain be-
haviors and possibly even pain.
Not only did these infants learn to
anticipate pain but also the intensity of
the pain they experienced in response
to venipuncture was greater than that
Table 1. Baseline Characteristics at Venipuncture for Newborn Screening Test
lnfants of Diabetic
Mother Normal Infants P
Characteristic (n 
= 21) (n = 21) Value
Gestational age, mean (SD), d 268.0 (5.8) 276.0 (1 1.0) .006
Birth weight, mean (SD), g 3539 (586.2) 3412 (51 1.9) .4C)
Males, % 47.6 52.4 >.99
1-min Apgar score, mean (SD) 8.7 (0.5) 8.9 (0.5) .33
S-min Apgar score, mean (SD) 9.0 (0.9) 9.0 (0.2) 57
Vaginal delivery, % 61.9 57.1
Postnatal age at venipuncture, mean (SD), h 37,6 (7.6) 38.3 (1 1.4) .82
Maternal age, mean (SD), y 32,5 (6.6) 30.5 (5S) 
^30
Table 2. Outcome Measures Used to Assess Pain During Venipuncture for Newborn
Screening Test
Median (25th,75th Percentile), %
Infants of Diabetic Mothers
(n 
= 21)
Normal lnfants
(n 
= 
21) P Value
Grimacing scoreBaseline 0 (0, 0) 0 (0, i.7)
Skin cleansing* 22.2 (0,77 .5) 0 (0, 15) .03
Skin puncture* 81.7 (67.5, 100) 40 (13.3,86.7)
Visual analog scale
Baseline 0 (0, 0)
Skin cleansing* 0 (0, 39.3) 0 (0, 0)
Skin puncture* 69 (52.8, 80.3) 5 (0, 60.5)
Crying timeBaseline 0 (0, 0) 0 (0, 0)
Skin cleansing* o (o,42.2) 0 (0, 0)
Skin puncture* 40.2 (15.2,92.2)
.27
.01
0 (0,0)
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*Number is 20 for infants of diabetic molhers.
0 (0, 54.8) .03
of normal infants. The difference in ve-
nipuncture pain scores between the in-
fants exposed to multiple heel lances
and normal infants was maintained
when we adjusted for pain response
during skin cleansing. In addition, we
chose a venipuncture site on the dor-
sum of the hand, in uninjured tissue,
remote from the site of repeated heel
lancing to avoid testing in a region that
had been rendered hyperalgesic be-
cause of injury and inflammation.ll
Conditioning and hypersensitivity re-
sponses have not been consistendy dem-
onstrated. In one study of the cortisol
responses of newborns,I2 increased sali-
vary cortisol concentrations were ob-
served after a second heel lance. This
result was in contrast to a second expe-
rience with a handling stressor (mock
discharge examination), which pro-
duced a lower cortisol response than the
first exposure. In another study,l3 in-
fant crying response was not different
during the preparatory phases ofa heel
lance when there was one previous ex-
perience with a heel lance.
Leaming and memory have been dem-
onstrated in preterm infanb as young as
32 weeks of gestation by using para-
digms of exposure learning, classic con-
ditioning, and habituation.ra The gesra-
tional age at which newborns can begin
to learn the associations between even6
involved in painful procedures is un-
known. In a study that assessed pre-
term and full-term infant responses dur-
ing the phases of painful medical
procedures,r5 the magnitude of heart rate
change between the baseline and proce-
dure phase increased significantly over
time with increasing conceptional age.
Investigators did not discuss whether
there were similar changes in infant re-
sponses between the baseline and pre-
paratory phases. Thus, whether condi-
tioning contributed to the observed
hyperalgesia is unknown.
We do not know the extent to which
the anticipatory pain behaviors and
heightened pain responses persist be-
yond the first days of life and what im-
pact, if any, this early exposure might
have on subsequent behavior, learn-
ing, and memory. Cumulative experi-
ence with procedural pain may have
long-term effecs. In a recent longitudi-
nal investigation of preterm infants' re-
sponses to heel lance, differences were
observed in behavioral and physiologic
responses to pain at 32 weeks'postcon-
ceptional age that were correlated with
the number o[ previous invasive proce-
dures. Changes in pain reactiviry were
normalized if infans had received mor-
phine, suggesting that analgesia ame-
liorated the effecs of cumulative pain
on later pain reactivity.r6 The number of
invasive procedures in the preceding 24
hours significantly predicted grimac-
ing in a separate study of very low-birth-
weight infans undergoing medical pro-
cedures.lT However, in another study by
the same group of investigators, only
subtle differences in pain response lin-
gered at 4 months' corrected age be-
tween former very low-birth-weight in-
fants and full-term controls during
finger-lance blood collection.rs We pre-
viously showed that a single painful ex-
perience in the neonatal period was as-
sociated with long-term effects.re'2o In 2
studies, neonatal circumcision was as-
sociated with increases in pain follow-
ing routine 4- or 6-month vaccination.
Preoperative treatment with a local an-
esthetic cream attenuated vaccination re-
sponse, suggesting that vaccination pain
response was affected by circumcision
pain experienced months before.le
There are limitations to this study. Be-
cause the study could not be random-
ized, the differences in pain we ob-
served between the groups may be
explained by factors other than the ef-
fects ofrepeated exposure to painful pro-
cedures. We matched infans on birth
characteristics. Infans of diabetic moth-
ers were on average I week younger than
normal infans. This difference in gesta-
tional age has not been associated with
significant differences in pain response
in full-term infants.2l Moreover. we
Table 3. Baseline Characteristics at Intramuscular Iniection of Vitamin K
Infants of Diabetic Mothers Normal lnfantsCharacteristic (n 
= 
12) (n 
= 
12)
Gestational age, mean (SD), d 270.9 (1O.2) 272.7 (8.2)
Birth weight, mean (SD), g 3277 (719.5) 3376 (467.4) .70
Males, %
1-min Apgar score, mean (SD) 8.5 (1 .4) 8.7 (0.5)
s-min Apgar score, mean (SD) 9.1 (0.3) 9.0 (0.4)
Vaginal delivery, % >.99
Postnatal age at intramuscular
injection, mean (SD), h
0.5 (0.2)
Maternal age, mean (SD), y 36.4 (4.6) 33.6 (4.2)
Table 4. Outcome Measures Used to Assess Pain During Intramuscular Injection of Vitamin K
Median (25th,75th Percentile), %
P
Value
.4133
58
0.6 (0.4) .47
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Infants of Diabetic Mothers
(n 
= 12)
Normal Infants
(n 
= 12) P Value
Grimacing Score
Baselinex 0 (0,0) 0 (0, 0) .88
Skin cleansingf 19.5 (0,33.3) 25 (O,75) 57
Skin puncture 56.3 (42.6, 70.5) 57.1 (42.6,771 .48
Visual analog scale
Baseline* 0 (0, 0) 0 (0, 0) .74
Skin cleansingt 4.s (0, 10.8) 8 (0, 16)
Skin puncture 46.5 (27.5, 66) 42.5 (36,47.B) .89
Crying time
Baselines 0 (0, o) 0 (0, 0)
Skin cleansingt 0 (0,0) 0 (0, 66.6)
Skin puncture 44 (33.6, 63.9)
*Number is 1 1 for infants of diabetic mothers,
tNumber is 1 1 for normal infants.
58.9 (37.9, 73,9)
.53
matched on infant birth weight because
weight (or size) of the infant maybere-
lated to the ease ofvenipuncture.
Because randomization was impos-
sible, the results can possibly be ex-
plained by preexisting differences be-
tween infants of diabetic mothers and
control infants, specifically with re-
spect to their medical condition. To
evaluate this possibility, glucose con-
centrations were monitored closely, and
the value before venipuncture was in
the normal range. It is therefore un-
likely that low glucose concentrarions
(hypoglycemia), which may be associ-
ated with clinical spnptoms such as jit-
teriness,22 account for the observed dif-
ferences in pain behaviors. To further
evaluate this possibility, we compared
pain responses during the first painful
medical procedure performed after birth
(intramuscular injection of vitamin K)
in a different cohort of normal infants
and infants of diabetic mothers. The lat-
ter did not demonsrate an increased re-
sponse during either skin cleansing or
intramuscular injection. Although the
number of infants in this cohort was
small and a significant difference may
not have been detected, it is reassur-
ing that on nearly every pain measure,
infants of diabetic mothers scoredlower
than normal infants. Therefore, preex-
isting differences in pain responses be-
tween groups probably do not ac-
count for the significant differences we
observed during venipuncture.
A final limitation is that parens and
videographers were aware of infant expo-
sure status. We attempted to minimize
bias during data collection by ensuring
that all infants were settled at baseline,
using a variety ofnurses to collect blood
samples, and using raters who were
unaware of infant exposure group to
score pain from videotaped records. Vid-
eotaped records did not contain any infor-
mation that could identify the infant's
exposure group. Raters were unaware of
anyphysical features that mighthave dis-
tinguished infants of diabetic mothers
from normal infants, and since birth
weight was similar in both groups, it is
unlikely that infant appearance differed
as a function of group. Furthermore, if
parents were present during the veni-
puncture, they did not interflere with the
procedure or speak about the study. In
addition, we excluded infants who were
admitted to the neonatal intensive care
unit after delivery. All srudy infans srayed
with their mothers, so separation from
the mother could not explain observed
differences between groups.
Insummary, full+erm infants exposed
to repeated heel lances demonstrated
heightened pain in response to skin
cleansing and venipuncture compared
with a group of normal infants. This find-
ing has important implications. First, pain
in hospitalized newborns may be clas-
sically conditioned by the unwirring pair-
ing of a neutral stimulus with a painful
procedure. Thus, pain and pain behav-
iors in neonates will be elicited by the pre-
viously neutral stimulus after condition-
ing has occurred. Second, previous pain
experience may be important in deter-
mining analgesic efficacy. Because sick
preterrn and full-term infants are sub-
jected to many invasive procedures as
part of their medical care, there may be
significant cumulative effects ofpain that
might lead to administration of higher-
than-normal doses of analgesics.
Our data suggest that effective man-
agement of neonatal pain during inva-
sive medical procedures might pre-
vent the development of hyperalgesia,
conditioned pain, and conditioned pain
behaviors. Taken together, these data
provide further evidence that infant
pain is modulated by experiences with
pain, as it is in children and adults.
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